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Outcome after resuscitation beyond 30 minutes in drowned 
children with cardiac arrest and hypothermia: Dutch nationwide 
retrospective cohort study
J K Kieboom,1 H J Verkade,1 J G Burgerhof,2 J J Bierens,3 P F van Rheenen,1 M C Kneyber,1 M J Albers4
AbstrAct
ObjeCtives
To evaluate the outcome of drowned children with 
cardiac arrest and hypothermia, and to determine 
distinct criteria for termination of cardiopulmonary 
resuscitation in drowned children with hypothermia 
and absence of spontaneous circulation.
Design
Nationwide retrospective cohort study.
setting
Emergency departments and paediatric intensive care 
units of the eight university medical centres in the 
Netherlands.
PartiCiPants
Children aged up to 16 with cardiac arrest and 
hypothermia after drowning, who presented at 
emergency departments and/or were admitted to 
intensive care.
Main OutCOMe Measure
Survival and neurological outcome one year after the 
drowning incident. Poor outcome was defined as death 
or survival in a vegetative state or with severe 
neurological disability (paediatric cerebral 
performance category (PCPC) ≥ 4).
results
From 1993 to 2012, 160 children presented with cardiac 
arrest and hypothermia after drowning. In 98 (61%) of 
these children resuscitation was performed for more 
than 30 minutes (98/160, median duration 60 
minutes), of whom 87 (89%) died (95% confidence 
interval 83% to 95%; 87/98). Eleven of the 98 children 
survived (11%, 5% to 17%), but all had a PCPC score ≥ 4. 
In the 62 (39%) children who did not require prolonged 
resuscitation, 17 (27%, 16% to 38%) survived with a 
PCPC score ≤ 3 after one year: 10 (6%) had a good 
neurological outcome (score 1), five (3%) had mild 
neurological disability (score 2), and two (1%) had 
moderate neurological disability (score 3). From the 
original 160 children, only 44 were alive at one year 
with any outcome. 
COnClusiOns
Drowned children in whom return of spontaneous 
circulation is not achieved within 30 minutes of 
advanced life support have an extremely poor 
outcome. Good neurological outcome is more likely 
when spontaneous circulation returns within 30 
minutes of advanced life support, especially when the 
drowning incident occurs in winter. These findings 
question the therapeutic value of resuscitation beyond 
30 minutes in drowned children with cardiac arrest 
and hypothermia.
Introduction
Drowning is the primary cause of accidental death in 
children aged 2–5 throughout the world, with a death 
rate of three per 100 000 per year in developed coun-
tries.1 2 In children who do not need any resuscitation or 
who recovered promptly after basic life support, the 
neurological prognosis is usually excellent.3 4 The prog-
nosis is much worse in children who did not resuscitate 
with basic life support.5–8
Cardiac arrest in drowned children is often associ-
ated with hypothermia.9 In such children, guidelines 
advocate continuation of resuscitation beyond 30 min-
utes.10 11 The rationale is that hypothermia is a poten-
tially reversible cause of cardiac arrest and that 
hypothermia could exert a protective effect on the brain 
by slowing its metabolism.11–14 Current practice is to 
continue resuscitation until a core body temperature of 
32–34°C has been achieved.12 This is based on an exten-
sive list of case reports on people with good neurologi-
cal recovery after prolonged resuscitation for cardiac 
arrest with hypothermia after drowning, recently 
reviewed by Tipton and colleagues.15 These case reports 
almost invariably concerned drowning in cold (≤ 6°C) or 
icy water.15 Drowning in ice water could induce rapid 
 open access
WhAt Is AlreAdy knoWn on thIs topIc
Drowned children often experience cardiac arrest with hypothermia, for which 
prolonged resuscitation has been advocated
Outcome of cardiac arrest with hypothermia in children after drowning is poor, 
although several case reports describe good neurological outcome after prolonged 
resuscitation or extracorporeal life support
Several variables correlate with outcome, but so far lack sensitivity to determine 
important treatment decisions in the emergency department, such as whether 
or not to continue resuscitation beyond 30 minutes or to start extracorporeal life 
support
WhAt thIs study Adds
Survival with good overall performance or with mild to moderate overall disability 
occurred in 11% of children with cardiac arrest and hypothermia who required 
advanced life support
Resuscitation beyond 30 minutes was performed in more than half of the children 
in cardiac arrest with hypothermia after drowning, but did not result in a good 
outcome in any child
Cardiac arrest with hypothermia after drowning in spring, summer, or autumn was 
associated with poor outcome compared with drowning in winter
The data from this large nationwide cohort question the therapeutic value of 
resuscitation beyond 30 minutes in children with cardiac arrest and hypothermia 
after drowning, especially in seasons other than winter
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cooling, both because of the large temperature gradient 
and, in the case of hypothermia, induced muscle rigid-
ity and areflexia because of the relative absence of 
struggle and panic.16 It has been suggested that rapid 
cooling in cold or icy water can exert some protection 
against anoxia.16 17 Hypothermia might not only reflect 
rapid cooling in cold water, however, but also pro-
longed submersion in warmer water.4 Hypothermia in 
patients on arrival at the emergency department has 
usually been a sign of poor outcome.18 There are, how-
ever, no epidemiological data on the relation between 
water temperature and neurological outcome in chil-
dren who have drowned with cardiac arrest and hypo-
thermia.
We evaluated the outcome of drowned children with 
cardiac arrest and hypothermia and determined dis-
tinct criteria for termination of cardiopulmonary resus-
citation in drowned children with hypothermia without 
spontaneous return of circulation.
Methods
background and setting
There is an abundance of open water in the Netherlands. 
Many houses are built near to ponds, ditches, or canals. 
A temperate maritime climate prevails, with mean air 
temperatures of 3.5°C in winter, 9.5°C in spring, 10.6°C in 
autumn, and 17.0°C in summer and water temperatures 
ranging from 0–8°C in winter, 6–18°C in spring and 
autumn, and 15–28°C in summer.19 20 
The Dutch emergency medical service has a legally 
enforced arrival time of less than 15 minutes for medical 
emergencies.21 All ambulance teams consist of a nurse 
trained in paediatric basic and advanced life support and 
allowed to perform intubation and administration of 
adrenaline (epinephrine) in children and a driver trained 
in paediatric basic life support. In cases of a cardiac 
arrest, a second emergency medical team is always called 
on, and, since 1999, this second team is often the helicop-
ter emergency medical service with a physician on board. 
Prehospital treatment is provided by emergency med-
ical service nurses according to Dutch national ambu-
lance protocols. These protocols are in accordance with 
the guidelines of the European Resuscitation Council. 
The national ambulance protocols instruct that all chil-
dren with cardiac arrest and hypothermia should be 
transported, under continuous cardiopulmonary resus-
citation, to a hospital with facilities for extracorporeal 
life support. The physicians of the helicopter emer-
gency medical service and the emergency department 
treat according to the guidelines of the Dutch Resuscita-
tion Council and the European Resuscitation Council. 
All children with return of spontaneous circulation 
after prolonged resuscitation, whether primarily pre-
sented at the emergency department of a general hospi-
tal or a university medical centre, are transferred to a 
paediatric intensive care unit in one of the eight univer-
sity medical centres.
Patients
We retrospectively identified eligible patients by using 
the ICD-9 (international classification of diseases, ninth 
edition) code for drowning (994.1). For those aged 16 
and under, their demographical and clinical data were 
entered in the database when they were admitted at the 
emergency department, the general paediatric ward, or 
the paediatric intensive care unit of one of the eight uni-
versity medical centres from 1 January 1993 to 1 January 
2012. Children who presented at the emergency depart-
ment of a general hospital and transferred to the paedi-
atric intensive care unit were included in this database.
inclusion and exclusion criteria
We included children with cardiac arrest after drowning 
outside (excluding heated outdoor swimming pools) 
and an initial core body temperature below 34°C. 
Drowning outside was an inclusion criterion so we 
could use season as a proxy for water temperature. 
As concurrent traumatic injuries could possibly influ-
ence outcome, we excluded children who drowned in a 
traffic or boating incident.
variables
The data collection was based on the Utstein style vari-
ables for uniform reporting of data from drowning.22 
Data collected at the arrival of the emergency medical 
service included initial cardiac arrest rhythm, the use 
of bag and mask ventilation, intubation, duration of 
chest compressions, and number of doses of adrena-
line and attempts at defibrillation. Data collected at the 
emergency department included initial core body tem-
perature, score on Glasgow coma scale, the use of bag 
and mask ventilation, intubation, duration of chest 
compressions, number of doses of adrenaline, use of 
extracorporeal life support for cardiac arrest, and 
return of spontaneous circulation or death. Data col-
lected at the paediatric intensive care unit included 
death or discharge, the cause of death, and, if applica-
ble, the withdrawal of life sustaining treatment. Final 
disposition was dead or alive at one year after the 
drowning incident, and, if alive, the neurological sta-
tus according to the paediatric cerebral performance 
category score (PCPC).23
Definitions
The minimum and maximum durations of submersion 
were taken from the medical records and were based on 
estimations by the caretaker(s) of the child at the time of 
incident. Cardiac arrest was defined as the necessity for 
chest compressions on arrival of the emergency medical 
service or and/or helicopter emergency medical service. 
The start point of the resuscitation time was marked by 
the initiation of chest compressions by the emergency 
services and the total duration of resuscitation included 
prehospital and in hospital advanced life support but 
excluded bystander cardiopulmonary resuscitation. 
Prolonged resuscitation was defined as more than 30 
minutes of total resuscitation. This cut off was chosen 
because the mean attempted resuscitation time in many 
studies concerning resuscitation in children with out of 
hospital cardiac arrest averaged 30 minutes.24 We 
defined spring as the period between 1 March and 31 
May, summer between 1 June and 31 August, autumn 
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between 1 September and 30 November, and winter 
between 1 December and 29 February.
Initial cardiac arrest rhythm was the first rhythm vis-
ible after connection of the patient to the electrocardio-
graph of the emergency medical services. Initial 
temperature was defined as the first body temperature 
measured within one hour after arrival at the emer-
gency department and concerned measurements of rec-
tal or oesophageal temperature with a low reading 
thermometer. The initial blood gas analysis was mea-
sured within two hours after arrival at the emergency 
department. The term extracorporeal life support was 
used to indicate both extracorporeal circulation and 
extracorporeal membrane oxygenation. In the paediat-
ric intensive care unit a diagnosis of severe neurological 
damage could lead to withdrawal of further intensive 
treatment. The severity of the brain damage was 
assessed by clinical neurological examination, cerebral 
magnetic resonance imaging and/or electroencepha-
lography, and/or sensory evoked potentials. The com-
bined results could lead to a decision to withdraw 
further intensive treatment. The paediatric cerebral 
performance category scale (PCPC)23 was used to qual-
ify neurological outcome. This scale rates the neurolog-
ical outcome by cognitive impairment in six categories: 
good neurological performance, mild neurological dis-
ability, moderate neurological disability, severe neuro-
logical disability, coma or vegetative state, and brain 
death.23 A good outcome was characterised by a PCPC 
score ≤ 3 at one year after the incident. Although it can 
be debated whether patients with a score of 3, who will 
require assistance in daily activities, really have a good 
outcome, we chose this conservative cut off point to be 
able to classify extremely poor outcome beyond discus-
sion. We therefore defined poor outcome as death or 
survival with severe neurological disability at one year 
after the incident (score ≥ 4).
statistical analyses
Continuous data are presented as medians and inter-
quartile range. Dichotomous and categorical data are 
presented as proportions, percentages of total, and 
95% confidence intervals. We used Fisher’s exact test 
for categorical data and Mann-Whitney U test for 
 continuous data. P < 0.05 was considered significant. 
The odds ratios are presented with 95% confidence 
interval. We used IBM SPSS statistics version 22 for the 
analyses.
results
Description of study population
From 1993 to 2012, 784 children were identified by the 
ICD-9 code for drowning. Two of the eight university 
medical centres were unable to identify children who 
died at the emergency department. Medical records 
were available for 753 children. Seventeen children 
were misclassified, thus 736 children were retained in 
the database, of whom 207 (28%) experienced cardiac 
arrest requiring advanced life support. Of these 207 
children, 47 (47/207, 23%) were excluded from the pres-
ent study: 25 had an initial body temperature of ≥ 34°C, 
14 were involved in a vehicle or boat incident, and eight 
drowned indoors.
We concentrated on the 160 children who experi-
enced a cardiac arrest with hypothermia after drown-
ing outside, which was not associated with a motor 
vehicle or boat incident. Figure 1 shows the flow of the 
160 included children from the emergency department 
onwards and their subsequent clinical outcome. Of 
these children, 104 (65%) had ongoing cardiac arrest 
on arrival at the emergency department. All 98 chil-
dren in whom return of spontaneous circulation was 
not achieved within 30 minutes received prolonged 
resuscitation. Of these 98 children, 23 children died in 
the emergency department. The 137 other children, in 
whom  return of spontaneous circulation was 
achieved, were admitted to the paediatric intensive 
care unit (137/160, 86%), where 79 died (79/137; 58%, 
95% confidence interval 50% to 66%); 30 had a diag-
nosis of brain death (30/79; 38%, 27% to 49%) and 27 
had a diagnosis of severe neurological damage (27/79; 
34%, 24% to 44%), the 22 others died of cardiac arrest, 
acute respiratory distress syndrome, or multi-organ 
failure (22/79; 28%, 18% to 38%). In the original 160 
children, the total mortality rate after cardiac arrest 
with hypothermia was 73% (66% to 80%; n = 116). Ten 
children remained in a vegetative state (10/160; 6%, 
2% to 10%), and 17 had severe neurological damage 
(17/160; 11%, 6% to 16%). One year after the drowning 
accident 17 children had a PCPC score of ≤3 (17/160; 
11%, 6% to 16%).
Figure 2 shows that most incidents of drowning in 
children with cardiac arrest and hypothermia occurred 
in summer. Tables 1, 2, and 3 describe the basic charac-




Admitted to PICU (n=137; 86%)
Cardiac arrest with hypothermia a­er drowning, presented at emergency department (n=160)
Died (n=79; 49%)Transferred to nursing ward (n=58; 36%)
Died (n=12; 8%)Discharged from hospital (n=46; 29%)
Died (n=2; 1%)Follow-up 1 year a­er drowning
incident (n=44; 28%)




















Fig 1 | Patient flow and clinical outcome of children who drowned with cardiac arrest and 
hypothermia after presentation at emergency department. Final outcome was one year 
after drowning incident and categorised with paediatric cerebral performance categories 
(PCPC). Death, vegetative state, and severe disability were categorised as poor outcome. 
rOsC = return of spontaneous circulation, PiCu = paediatric intensive care unit
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Prolonged resuscitation
Prolonged resuscitation was performed in 98 of the 160 
children with a cardiac arrest and hypothermia (61%, 
95% confidence interval 54% to 69%). The outcome was 
not good in any of the children who underwent resuscita-
tion beyond 30 minutes (0% with good outcome, 0% to 
3%) (fig 3). Seventeen of the children who did not require 
prolonged resuscitation survived with a PCPC score ≤ 3 
after one year (17/62 good outcome; 27%, 16% to 38%). 
The maximum duration of resuscitation with good out-
come was 25 minutes. The outcome of prolonged resusci-
tation was extremely poor: 87 of the 98 children died 
(89%, 83% to 95%), and 11 survived in a vegetative state 
or with severe neurological damage (11%, 5% to 17%). 
Table 4 shows the characteristics of the children in rela-
tion to duration of resuscitation. Extracorporeal life sup-
port was performed in 12 children, of whom 11 died and 
one survived in a vegetative state. Thus, no child who 
underwent prolonged resuscitation, with or without 
extracorporeal life support, had a good outcome.
season
Season correlated strongly with outcome (fig 4). Chil-
dren who drowned in winter had a significantly better 
outcome than those who drowned in other seasons 
(5/17, 29% (95% confidence interval 8% to 51%) v 12/143, 
8% (4% to 13%); odds ratio 4.6 (1.4 to 15.1), P = 0.013). 
This seasonal effect was also evident in children who 
underwent resuscitation for less than 30 minutes: all 
five children who drowned in winter had a good out-
come compared with 12 of the 57 children who drowned 
in other seasons (5/5, 100% (55% to 100%) v 12/57, 21% 
(10% to 32%); odds ratio 4.8 (2.9 to 7.9), P = 0.01). The 
median estimated minimum and maximum durations 
of submersion were not different for winter and other 
seasons (fig 5). The initial core body temperature was 
significantly lower in children who drowned in winter 
than in other seasons (difference 3.7°C, P < 0.001; fig 5).
initial cardiac arrest rhythm
We were able to retrieve data on the initial cardiac arrest 
rhythm from the medical records in 118 of the 160 
 children (74%). Asystole was diagnosed in nearly all 
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Fig 2 | Distribution of children who drowned with cardiac 
arrest and hypothermia by month and season
table 1 | Characteristics of 160 children who drowned with 
cardiac arrest and hypothermia. Data are presented as 
number (percentage) unless stated otherwise.
Characteristic Data
Boys 117 (73)
Median (IQR) age (years) 2 (1–3)
Distribution of age (years):
 0 2 (1)
 1 52 (33)
 2 40 (25)
 3 29 (18)
 4 16 (10)
 5 6 (4)
 6–10 10 (6)
 11–16 5 (3)
Body of water (n = 156):
 Ditch 75 (47)
 Garden pond 39 (24)
 Swimming pool 14 (9)
 River 12 (8)
 Lake 9 (6)
 Sea 4 (3)
 Other 3 (2)
Season:
 Summer 75 (47)
 Spring/autumn 68 (43)
 Winter 17 (11)
IQR = interquartile range.
table 2 | Key parameters correlated with good and poor outcome in 160 children who drowned with cardiac arrest and hypothermia. univariate analysis 
odds ratio are for having good outcome
no of children
no (%, 95% Ci) with good 
outcome
no (%, 95% Ci) with poor 
outcome Or (95% Ci) P value
Number of children 160 17 (11, 6 to 15) 143 (89, 85 to 94) — —
Total duration of advanced life support (minutes):
 ≤ 30 62 (39%) 17 (27, 16 to 39) 45 (73, 61 to 84) — < 0.001
 > 30 98 (61%) 0 (0, 0 to 3) 98 (100, 97 to 100)
Season:
 Winter 17 (11%) 5 (29, 8 to 51) 12 (71, 49 to 92) 4.55 (1.37 to 15.09) 0.008
 Other seasons 143 (89%) 12 (8, 4 to 13) 131 (92, 87 to 96)
Initial cardiac arrest rhythm:
 No of children with data 118 14 104 — —
 Asystole 101 (86%) 8 (8, 3 to 13) 93 (92, 87 to 97) 0.13 (0.04 to 0.46) 0.001
 Bradycardia 15 (13%) 6 (40, 15 to 65) 9 (60, 35 to 85)
 Ventricular fibrillation 2 (2%) 0 (0, 0 to 66) 2 (100, 34 to 100) — —
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(15/118, 13%) and ventricular fibrillation (2/118, 2%). 
Bradycardia correlated strongly with good outcome: six 
of the 15 children with bradycardia had good outcome 
versus eight of the 101 children with asystole (40% 
(95% confidence interval 15% to 65%) v 8% (3% to 13%); 
odds ratio 7.8 (2.2 to 27.3), P = 0.001).
Duration of submersion, doses of adrenaline, 
and blood gas abnormalities
In only 3% of the cases (5/160) was the drowning 
 incident witnessed by an adult, and consequently the 
duration of submersion was not precisely known in 
most cases. The typical history of most incidents was a 
sudden realisation of the child’s absence, followed by 
an immediate search by the caretaker. Though the dura-
tion of the search was reasonably well known, it was 
usually unknown how long the child had been out of 
sight. The median estimated minimum and maximum 
durations of submersion correlated negatively with out-
come (Table 3). The longest estimated duration of sub-
mersion with good outcome was 25 minutes. Fig 6 
shows the relation between maximum estimated sub-
mersion duration and outcome.
The median total number of doses of adrenaline 
administered was negatively associated with outcome 
(Table 3). The median initial pH and the base excess 
were significantly lower in children with poor outcome 
(table 3). All children were manually or mechanically 
ventilated at the time of the initial blood gas measure-
ment, while some children were still being resuscitated 
and others already had return of spontaneous circula-
tion. The lowest pH associated with good a outcome 
was 6.75.
treatment changes
We performed a subanalysis to determine whether 
changes in treatment during the study period affected 

































Fig 3 | Outcome in drowned children with cardiac arrest and 
hypothermia according to duration of advanced life support
table 3 | additional parameters in 160 children who drowned with cardiac arrest and hypothermia at drowning scene, at arrival of emergency medical 
service, and at arrival at emergency department, categorised by outcome. number of children stated when fewer than total (160). univariate analysis 
odds ratio are for having good outcome
total
no (%, 95% Ci) or median 
(iQr) with good outcome
no (%, 95% Ci) or median 
(iQr) with poor outcome Or (95% Ci) P value
No of children 160 17 (11%, 6 to 15) 143 (89%, 85 to 94) — —
Drowning event
Median estimated duration of submersion (IQR):
 Minimal (min) 13 (10–20), n = 130 9 (5–10), n = 14 15 (10–24), n = 116 0.85 (0.75 to 0.96)* 0.009
 Maximal (min) 20 (15–40), n = 105 13 (9–19), n = 12 20 (15–43), n = 93 0.89 (0.82 to 0.98)* 0.02
Basic life support at scene:
Performed 124/134 (93%) 16 (94, 83 to 100) 108/117 (92, 87 to 97) — 0.79
Delayed:
 No delay 100/124 (81%) 14/16 (88, 71 to 100) 86/108 (80, 72 to 87) — 0.46
 ≤ 10 min 20/124 (16%) 2/16 (13, 0 to 29) 18/108 (17, 10 to 24)
 > 10 min 4/124 (3%) 0/16 (0, 0 to 17) 4/108 (4, 0 to 7)
emergency medical service
Bag and mask ventilation 159/159 (100%) 17 (100, 84 to 100) 142/142 (100, 98 to 100) — —
Endotracheal intubation 133/153 (87%) 11 (65, 42 to 87) 122/136 (90, 85 to 95) 0.25 (0.08 to 0.83) 0.02
Adrenaline 124/139 (89%) 9/15 (60, 35 to 85) 115/124 (93, 88 to 97) 0.12 (0.03 to 0.40) 0.01
Defibrillation 18/120 (15%) 0/14 (0, 0 to 19) 18/106 (17, 10 to 24) — 0.13
emergency department
Ongoing ALS at ED 104 (65%) 1 (1, 0 to 3) 103 (99, 97 to 100) 0.02 (0.00 to 0.19) < 0.001
Median (IQR) initial core body temperature (°C) 29.8 (28.0–31.9) 29.0 (26.3–31.0) 29.8 (28.0–32.0) — 0.39
Median (IQR) initial GCS 3 (3–3) 4 (3–5) 3 (3–3) 0.19 (0.09 to 0.43)† < 0.001
Initial blood gas analysis:
 Median (IQR) pH 6.74 (6.53–6.90), n = 135 6.90 (6.80–7.00), n = 13 6.70 (6.50–6.87), n = 122 0.56 (0.39 to 0.81)‡ < 0.001
 Median (IQR) negative BE (mmol/l) 28 (23–31), n = 106 22 (18–24), n = 11 28 (24–32), n = 95 0.80 (0.69 to 0.92) < 0.001
 Median (IQR) pCO2 (kPa) 8.1 (4.8–14.0), n = 126 7.6 (4.2–8.5), n = 11 8.1 (4.9–15.0), n = 115 — 0.08
Median (IQR) total duration of ALS (min) 45 (20–75) 10 (5–15) 50 (30–80) 0.82 (0.74 to 0.92)* < 0.001
Median (IQR) total doses of adrenaline 3 (2–6), n = 88 1 (0–3), n = 13 4 (2–7), n = 75 0.65 (0.47 to 0.89)§ 0.01
Extracorporeal life support 12 (8%) 0 (0, 0 to 22) 12 (100, 78 to 100) — < 0.001
IQR = interquartile range, ALS = advanced life support, ED = emergency department, GCS = Glasgow coma scale score, BE = base excess.
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the main outcomes. The percentage of children with 
good outcome in the first five years of the study period 
was comparable with the percentage in the last five 
years (7/51, 14% (95% confidence interval 4% to 23%) 
v 5/30, 17% (3% to 30%), P = 0.75).
discussion
implication of key findings
In children with cardiac arrest and hypothermia after 
drowning the necessity for resuscitation for more than 
30 minutes did not result in good outcome in any child: 
89% of children died and 11% survived in a vegetative 
state or with severe neurological damage. The study 
used a nationwide database over the period 1993–2012. 
Most children drowned during spring, summer, or 
autumn and had a much poorer outcome than those 
who drowned in winter. These results strongly question 
the therapeutic value of prolonged resuscitation in 
drowned children with cardiac arrest and hypothermia.
strengths and weaknesses
To our knowledge this is the largest study that has eval-
uated outcome of cardiac arrest with hypothermia in 
children after drowning. The cohort included all chil-





















Fig 4 | Proportion of children with good outcome of cardiac 
arrest and hypothermia after drowning according to season 
(as proxy for water temperature)
table 4 | Characteristics of 160 children who drowned with cardiac arrest and hypothermia at drowning scene, at arrival of emergency medical service, 
and at arrival at emergency department, categorised by duration of advanced life support (als). number of children stated when fewer than totals. 
univariate analysis odds ratio are for having good outcome
no (%, 95% Ci) or median (iQr) 
with als ≤ 30 minutes
no (%, 95% Ci) or median (iQr) 
with als > 30 minutes Or (95% Ci) P value
No of children 62 (39, 31 to 46) 98 (61, 54 to 69) — —
Drowning event
Season:
 Winter 5 (29, 8 to 51) 12 (71, 49 to 92) — 0.41
 Other seasons 57 (40, 32 to 48) 86 (60, 52 to 68)
Median estimated submersion duration (IQR):
 Minimal (min) 10 (5–15), n = 50 15 (10–30), n = 80 1.08 (1.03 to 1.23)* < 0.01
 Maximal (min) 15 (10–22), n = 41 28 (15–45), n = 64 1.04 (1.01 to 1.07)* < 0.01
Basic life support performed at scene 52/56 (93, 86 to 100) 72/78 (92, 86 to 98) — 1.0
emergency medical service
Initial cardiac arrest rhythm:
 Asystole 35 (35, 25 to 44) 66 (65, 56 to 75) — 0.07
 Bradycardia 9 (60, 35 to 85) 6 (40, 15 to 65)
 Ventricular fibrillation 2 (100, 22 to 100) 0 (0, 0 to 78) — —
Endotracheal intubation 49/59 (83, 73 to 93) 84/93 (90, 84 to 96) — 0.21
Adrenaline 42/54 (78, 67 to 89) 82/85 (96, 93 to 100) 7.81 (2.09 to 29.20) < 0.01
Defibrillation 6/51 (12, 3 to 21) 12/69 (17, 8 to 26) — 0.45
emergency department
Ongoing ALS at ED 12 (19, 10 to 29) 92 (94, 89 to 99) — —
Median (IQR) initial core body temperature (°C) 30.4 (28.9–32.2) 29.0 (27.0–31.7) 1.16 (1.03 to 1.31)† < 0.01
Initial blood gas analysis:
 Median (IQR) pH 6.86 (6.75–6.97), n = 53 6.58 (6.47–6.81), n = 82 1.74 (1.41 to 2.16)‡ < 0.01
 Median (IQR) negative BE (mmol/L) 26 (21–29), n = 47 28 (25–33), n59 1.13 (1.05 to 1.22)§ < 0.01
 Median (IQR) pCO2 (kPa) 6.1 (4.3–8.6), n = 50 10.9 (6.2–17.0), n = 76 1.22 (1.13 to 1.34)¶ < 0.01
Median (IQR) total duration of ALS (min) 15 (10–25) 60 (45–90) — —
Median (IQR) total doses of adrenaline 2 (1–3), n = 45 6 (4–8), n = 43 1.82 (1.41 to 2.34) < 0.01
Extracorporeal life support 0 (0, 0 to 5) 12 (12, 6 to 19) — —
Outcome
Death 29 (47%, 34 to 59) 87 (89%, 83 to 95) 9.00 (4.04 to 20.06) < 0.01
Vegetative state (PCPC 5) 5 (8%, 1 to 15) 5 (5%, 1 to 9) — 0.51
Severe damage (PCPC 4) 11 (18%, 8 to 27) 6 (6%, 1 to 11) 0.30 (0.11 to 0.87) 0.03
Mild-moderate damage (PCPC 2–3) 7 (11%, 3 to 19) 0 (0%, 0 to 3) 0.89 (0.81 to 0.97) < 0.01
No damage (PCPC 1) 10 (16%, 7 to 25) 0 (0%, 0 to 3) 0.84 (0.75 to 0.94) < 0.01
IQR = interquartile range, ED = emergency department, BE = base excess, PCPC = paediatric cerebral performance category.
*Per 1 min increase.
†Per 1°C decrease
‡Per 0.1 decrease
§Per 1 mmol decrease.
¶Per 1 kPa increase.
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the eight Dutch university medical centres in 1993–2012. 
In the Netherlands it is common practice to transfer all 
mechanically ventilated children to a paediatric inten-
sive care unit. It therefore seems unlikely that we 
missed any children with a good outcome after pro-
longed resuscitation. Theoretically it is possible that we 
missed children who showed such a rapid and full 
recovery after a cardiac arrest with hypothermia that 
transfer to intensive care was not indicated; this seems 
improbable after prolonged resuscitation. Two other 
categories of children who drowned could have been 
missed—namely, those presented at a general hospital 
and in whom spontaneous circulation never returned 
and those who died in the emergency department of 
two of the eight university medical centres. Neverthe-
less, this would not have undermined the main find-
ings; inclusion of these children would have resulted in 
an even more unfavourable outcome.
As this study pertains to a setting with excellent 
emergency medical services, it might not be possible to 
extrapolate the results to settings with limited 
resources. The extremely poor prognosis in circum-
stances with excellent healthcare provisions, however, 
does not offer much hope for the prognosis in areas 
with less developed or less available emergency medi-
cal services.
Our study is retrospective, with the inherent method-
ological limitations. By using the ICD-9 code for drown-
ing we might not have identified all children. Because 
an underlying cause is rare in drowning in children, 
however, the risk of misclassification seems limited. 
The fact that most children drowned in stagnant water 
(such as ponds and most ditches) might raise the ques-
tion of possible contamination influencing the final 
outcome. Sepsis or meningitis, however, was not 
observed in this cohort. Although it would have been 
more accurate to correlate outcome with exact water 
temperature, temperatures were not available for the 
small bodies of water in which most children drowned. 
Instead, we used season as a proxy for water tempera-
ture. As we carried out this study in a temperate cli-
mate, “season” cannot be simply extrapolated to other 
parts of the world. The indicated range of water tem-
peratures during the Dutch seasons, however, could 
help with translating our findings to other climates. 





















































































Fig 5 | estimated minimum and maximum durations of 
submersion and initial core body temperature in drowned 
children with cardiac arrest and hypothermia according to 
season (as proxy for water temperature)




















Fig 6 | estimated maximum duration of submersion and 
outcome in drowned children with cardiac arrest and 
hypothermia
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Fig 7 | Proposed decision tree for continuation of 
resuscitation beyond 30 minutes in children with cardiac 
arrest and hypothermia (core body temperature < 34°C) 
after drowning outside in temperate climate
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 cardiac arrest and cardiac arrest with hypothermia 
changed during the 19 year period of our study. Despite 
these changes, the percentage of children with good 
outcome in the first five years of the study period was 
comparable with that in the last five years.
Comparison with other studies
In children with cardiac arrest after drowning, neuro-
logically intact survival varies from 0% to 40%.8 25–28 
The most recent study reported a neurologically favour-
able outcome in only 4.4% of children.8 The percentage 
in that study could have been because of the low rate of 
bystander cardiopulmonary resuscitation, in contrast 
with our study, and the fact that the emergency medical 
services were not allowed to perform advanced life 
 support in children.8 29 In the Netherlands both the 
emergency medical services and helicopter emergency 
medical service are adequately trained and certified in 
paediatric advanced life support.
Prolonged resuscitation has been advocated in 
patients with cardiac arrest and hypothermia.10 30 Its 
importance has been well established for patients with 
accidental hypothermic cardiac arrest without 
asphyxia.12 13 31 32 In contrast, an asphyxia-related cause 
of cardiac arrest with hypothermia has been identified 
as the most predictive factor for death.33 This urges the 
need for prognostic factors that could help to identify 
children who might benefit from prolonged resuscita-
tion. In our study, however, we found no beneficial 
effect from prolonged resuscitation in any child. The 
high percentage of return of spontaneous circulation 
after prolonged resuscitation suggests that in children 
the hypoxic heart is capable of restoring function, but 
the extremely poor outcome suggests that the brain has 
already sustained severe damage.29 Drowning in icy or 
cold water might be associated with good neurological 
outcome.15 Despite the fact that none of the 12 children 
who received prolonged resuscitation after drowning in 
winter had good outcome, the 95% confidence interval 
for this group, based on such a small sample, extends to 
a survival rate of 22%. We cannot, therefore, exclude a 
beneficial effect of prolonged resuscitation in a sub-
stantial fraction of children who drown in winter. As 
most childhood drowning incidents occur in non-icy 
water,4 7 34 the observation that prolonged resuscitation 
was futile in children with cardiac arrest and hypother-
mia after drowning in other seasons is important. Slow 
body cooling in warmer water could explain this poor 
outcome.31 An initial core body temperature of less than 
34°C would probably indicate a longer duration of sub-
mersion when the water temperature is higher. Accord-
ingly, moderate to severe hypothermia after drowning 
in seasons other than winter probably reflects a long 
duration of submersion associated with severe 
asphyxia.35 Duration of submersion is the predominant 
factor in determining outcome of drowning.4 18 36 Theo-
retically, the influence of the season of drowning on the 
outcome in the present study could be related to differ-
ences in duration of submersion. The median estimated 
durations of submersion, however, were not different 
for winter and the other seasons. Importantly, the 
accuracy of the estimations of duration was limited 
because of the lack of witnesses. Thus, there might be 
an additional impact of a neuroprotective effect of rapid 
body cooling after drowning in ice cold water.12 15 31 Pre-
vious studies have not established the influence of 
water temperature on outcome.4 18 36 These studies 
included people who recovered spontaneously or after 
basic life support after drowning, and therefore the 
results are difficult to compare because our cohort con-
sisted solely of children with cardiac arrest who 
required advanced life support. Our findings seem in 
accordance with anoxia by another mechanism—
namely, avalanches. People in avalanches with cardiac 
arrest caused by hypothermia have a good prognosis 
compared with people in avalanches with cardiac arrest 
caused by asphyxia and subsequent hypothermia.37
Our study shows that survival with good neurological 
outcome is unlikely for children who experience car-
diac arrest with hypothermia after drowning in seasons 
other than winter, and who remain in asystole after 30 
minutes of adequate advanced life support.
Previously reported risk factors for poor outcome 
after drowning include duration of submersion,5 9 18 38 
asystole at the initial assessment by the emergency 
medical services,39 number of doses of adrenaline,7 ini-
tial pH,7 40 and Glasgow coma score at the emergency 
department.5 7 41 42 The number of doses of adrenaline, 
the initial pH, and the coma score were associated with 
outcome, but all could be regarded as indicators of pro-
longed resuscitation. Asystole as the initial cardiac 
arrest rhythm correlated significantly with poor out-
come. The duration of submersion could be estimated 
in only 75% of the children, and this information was 
often not available in the emergency department. Com-
pared with other studies, we found no correlation 
between sex and age and outcome.7 39 40
importance of study
Our findings challenge the current recommendation for 
prolonged resuscitation in children with cardiac arrest 
and hypothermia after drowning.10 11 We propose a deci-
sion tree to be used in children experiencing cardiac 
arrest with hypothermia after drowning outside in a 
temperate climate (fig 7). The current data provide sup-
port for a strategy to refrain from continuation of resus-
citation beyond 30 minutes in children with an initial 
core body temperature < 34°C after drowning in seasons 
other than winter and asystole as the initial cardiac 
arrest rhythm. It is important to emphasise, however, 
that this strategy is not advocated in children in whom 
hypothermia possibly preceded asphyxia or in whom 
hypothermia occurred rapidly. Such exceptional cir-
cumstances could be drowning in a motor vehicle or 
boat incident with a possible air bubble inside,15 being 
immersed before drowning,43 or drowning in rapidly 
moving water.44 Our study does not provide data for 
these exceptional circumstances as we excluded chil-
dren involved in motor vehicle or boat incidents and did 
not identify any child with immersion before drowning 
or who drowned in rapidly moving water. Therefore for 
children who drown in winter or under exceptional 
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 circumstances these data do not support a change in 
the present recommendation—namely, to continue 
resuscitation until the patient is rewarmed, with extra-
corporeal life support if feasible.12 13
unanswered questions and future research
Given that only 12 children in our study underwent pro-
longed resuscitation or extracorporeal life support 
after drowning in winter, future research should focus 
on the effect of prolonged resuscitation and/or extra-
corporeal life support on the outcome in children with 
cardiac arrest and hypothermia after drowning in ice 
cold water.
Conclusions
Children with cardiac arrest with hypothermia after 
drowning have an extremely poor outcome if return of 
spontaneous circulation is not achieved within 30 min-
utes of advanced life support. Good neurological out-
come is more likely when return of spontaneous 
circulation occurs within 30 minutes, especially when 
the drowning occurs in winter. The findings of this 
cohort study question the therapeutic value of resusci-
tation beyond 30 minutes in drowned children with car-
diac arrest and hypothermia.
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